Summary
This work attempts to perform a comparative study of plasma free amino acids in relation to nutritional situations. Children from 1-30 months of age were divided into five groups according to anamnestic, nutritional, clinical, and biologic data, as follows: group I, normal children; group 11, normal children with extraenteral infection and correct oral feeding; group 111, normal children with acute nonsevere diarrhea, perfused, and receiving either insufficient or no feeding; groups IV and V, children in a state of moderate or severe malnutrition, respectively ( Table 1) .
Results (Table 2) show that plasma amino acids are closely related to caloric and proteic feeding during the 2 or 3 days preceding blood samples, whatever the child's nutritional state. Feeding characteristics must be taken into account when studying plasma aminogram in malnutrition states. Infection and clinical enteropathy do not, however, disturb plasma amino acid levels to a large extent. Discrimination (Table 4) shows that the taurine decrease is the more important index in recognizing proteinocaloric malnutrition regardless of type of feeding. Other amino acid disturbances in particular branched chain amino acids are too closely related to feeding during the days preceding blood sampling to permit recognition of malnutrition. The formula, valine + 0.68 lysine, appears in our study to be the best linear index of the severity of malnutrition.
Speculation
Classic malnutrition indexes (amino acid sums and ratios) discriminate malnourished patients from simple fasting patients very poorly. Consequently, those indexes are not the best biologic means to identify malnutrition.
Numerous papers have been devoted to plasma amino acids in proteinocaloric malnutrition (1, 3, 11, 15, 17, 22, 23, 30, 32) . These works have not always shown concordant results and are sometimes difficult to analyze. The nutritional states in which studies are performed are not perfectly described. Patients' clinical or biologic states are not always specified. Various biochemical methods are used and there have been few statistical studies. Results are rarely compared to normal children examined under the same conditions. Furthermore, malnutrition is a complex pathologic state which combines in variable proportions insufficient feeding, infection, and enteropathy. Therefore, this study will try to specify plasma free amino acid deviations in proteinocaloric malnutrition relative to normal values and to determine the influence of fasting, infection, and enteropathy concerning plasma aminogram disorders.
MATERIALS AND METHODS

PATIENT GROUPS
This work concerns 149 children hospitalized in the pediatric department of CHR Purpan in Toulouse. The ages of these children vary between 1 and 30 months. We thought this large scattering of ages would not impede the study. The mean of ages among the different groups are not significantly different. The statistical study performed concerning these 149 children corroborates the absence of a relationship between age and amino acid values. These results agree with those of a previous study (lo), which show that there is no significant relation between plasma levels of amino acids and age in children ranging in age from 1 month to 4 years in a normal nutritional and metabolic state.
The 149 children have been distributed into five groups, considering anamnestic, clinical, biologic, and nutritional data. No patient was in an acute metabolic state; in particular, there was no evidence of collapsus, blood sugar imbalance, or severe hydroelectrolytic disorder.
The five groups were comprised of three control groups of nutritionally normal children and two groups of children in a proteinocaloric malnutrition state. Group I (31 patients) was composed of normal children originating from normal pregnancies and of normal birthweight. At the time of examination they did not suffer from clinical or biologic conditions suggestive of an evolutive disease. They were in a good nutritional state and were correctly nourished orally according to their age and weight. Group I1 (30 patients) was composed of children in a normal nutritional state, nonperfused and correctly nourished, but suffering for more than 1 day and less than 4 days from an extraenteral, febrile, infectious disease: throat or ear affection, urinary or pulmonary infection, or meningitis. Group I11 (30 patients) gathered well nourished normal children with an acute diarrhea due to specific or nonspecific infection for more than 2 days and less than 4 days. These patients received orally or parenterally either no or very little feeding during the previous 2 days. For each patient receiving a glucosis perfusion, the perfusion rate was moderate and constant, not exceeding 0.25 g/kg/hr. There was either no protein intake or less than 0.20 g/kg/24 hr, and no lipid intake as well. Each patient had a complementary hydroelectrolytic allowance. The two last groups are comprised of children in a proteinocaloric malnutrition state. We distinguished two categories of patients based on anamnestic, clinical, and biologic data. Group IV (30 patients) included children with proteinocaloric malnutrition of moderate severity. Twenty suffered from denutrition consecutive to severe chronic enteritis. As for the others, insufficient feeding was responsible for the malnutrition: anorexia, vomiting,
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dietary errors, or social problem. Twenty of these patients (13 enteritis) did not receive any perfusion during the weeks preceding blood sampling; 10 were being perfused when the samples were taken (glucosis rate less than 0.25 g/kg/hr, no protide or lipid). Group V (28 patients) was composed of patients presenting severe states of proteinocaloric malnutrition. Fifteen children were suffering from severe diarrhea and the remaining 13 from very poor feeding over a period of several weeks (dietary errors, vomiting, or social problem); 16 of these patients were being perfused when the samples were taken (glucosis rate less than 0.25 g/kg/hr, no protide or lipid). Biologic data showing the metabolic and nutritiofla1 state of each group are shown in Table 1 .
METHODS
Blood Sampling. Venous blood was taken from each patient in the morning between 8 and 10 AM after at least 12 hr of fasting.
Sample Management. Blood taken on EDTA or dry heparin was centrifuged immediately. Proteins were then separated from plasma by 2.5% sulfosalicylic acid. The supernatant was either used immediately (36 serum samples) or stored in a freezer at -20" for 1-69 days with a mean storage time of more than 5 days.
Analysis Techniques. Amino acids have been analyzed for each patient with a Technicon AutoAnalyzer (26) (27) (28) (29) . Separation was realized with a column 6 mm in diameter and 1.40 m in height containing a Chromobead type A resin. Elution was performed for 18 hr with a pH gradient obtained by using three buffers of pH 2.8, 3.8, and 5.0, respectively; the temperature of the column was maintained at 35' during the first 4 hr (elution time of glutamine) and then at 56" up to the end of elution. Development was performed at 95' by using a ninhydrin-hydrindantin solution in nitrogen atmosphere.
Statistical Study. For each group and for each amino acid we have computed the mean value (expressed in micromoles per 100 ml) and the corresponding 95% confidence interval. With the aim of judging miscellaneous proteinocaloric malnutrition indexes which have been proposed (1, 3, 15, 22, 23, 30, 32) we also determined for each group of patients the mean and 95% confidence interval of the sum of the 23 analyzed amino acids; the sum of essential amino acids (threonine, valine, methionine, isoleucine, leucine, phenylalanine, lysine, tryptophan); the sum of nonessential amino acids (14 others); the sum of branched chain amino acids; the ratios of the sum of nonessential to sum of essential amino acids, alanine to threonine, alanine to leucine, alanine to branched chain amino acids, phenylalanine to tyrosine, methionine to cysteine, glycine to valine, serine + glycine + alanine to branched chain amino acids, and the Whitehead ratio = alanine + glycine + serine + glutamic acid + glutamine, to valine + leucine + isoleucine + phenylalanine + tyrosine + threonine + methionine.
Statistical study was performed in two steps. In the first step each variable was considered in an analytic way without taking into consideration relationships among variables. Mean comparisons among the five groups were performed by using variance analysis techniques. Each time a significant difference appeared in this global test (type 1 error less than 5%), comparisons were performed between means considered two by two. Insofar as it was difficult to proceed by orthogonal hypothesis, we used a nonincreasing type 1 error method, the contrasts method (18) . In the second step we tried to classify the patient by group through discrimination by amino acid values only. We looked for the amino acids and the relationships between them which allowed classification of a patient in a group with the lower risk of error. We used a stepwise discrimination program with a linear model (program Mahal2 of IRIA (35)). Stepwise discrimination during the first step considers amino acids one by one and only the most discriminating amino acid is kept. During the following steps amino acids already chosen for their good discriminatory power are kept. The program then seeks among the remaining amino acids for the best one to add in order to improve classification. This program was applied to different groups of patients considered two by two in order to recognize the actual group of any patient by a dichotomy. Two discriminations were performed. We first looked for amino acid levels most characteristic of malnutrition. For this we compared group I11 (nonmalnourished people with acute diarrhea and late fasting) to groups IV and V, together representing malnourished subjects. We can assume that if the variations in the level of some amino acids allow discrimination of malnourished people from group I11 patients, they also allow distinction of malnourished subjects from normals (group I) and infectious patients (group 11). Secondly, we performed discrimination between group IV with moderate malnutrition and group V with severe malnutrition. This last study identifies amino acids which permit the evaluation of the severity of malnutrition.
RESULTS
Relative to normal subjects (group I), proteinocaloric malnourished people (groups IV and V) are characterized by a significant decrease of most amino acids, excluding hydroxyproline, proline, glutamic acid, and alanine (Table 2) . Glycine shows a tendency to increase, but this increase is not very marked. The severity of the malnutrition (group V) is paralleled by the importance of the amino acid disturbances. The amino acids which decrease most significantly in group V compared to group IV with moderate malnutrition are valine, isoleucine, leucine, lysine, and, among nonessential amino acids, tyrosine and ornithGe.
Extraenteral infection has little effect on the aminogram. There are only slight differences between normal patients (group I) and infectious patients in a good nutritional state (group 11). One can observe only a moderate but, nevertheless, significant decrease of threonine, tyrosine, tryptophan, and arginine. Relative wt (SD) Relative size (SD) Protein (g/100 ml) Albumin (g/100 ml) Hemoglobin @/I00 ml) Potassium (mEq/ 100 ml) Hematocrit (%) Red cells 106/mm3 Sodium (mEq/liter) Late fasting (48 hr) as observed in group 111 modifies considerably the plasma free amino acids. Compared to normal subjects (group I), group 111 children have a significant decrease of threonine, valine, leucine, isoleucine, tryptophan, citrulline, a-aminobutyric acid, cysteine, tyrosine, histidine, and arginine. Amino acids values observed in group I11 are very close to those observed in group IV (group of moderate malnutrition). The only significant differences between groups 111 and IV concern methionine, taurine, and serine, which decrease. Differences between group 111 and group V (severe malnutrition) are considerably more irnportant. Six essential amino acids (threonine, valiie, methionine, isoleucine, leucine, and lysine) and six nonessential amino acids (taurine, serine, glutamine, tyrosine, ornithine, and arginine) decrease significantly.
For malnourished children (groups IV and V) we studied the influence of enteritis and of hydroelectrolytic perfusion on plasma amino acid variations. There was no significant variation either in group IV or in group V.
Malnutrition indexes (amino acids sums and ratios) were analyzed in each group (Table 3) . All these indexes, except the methionine to cysteine ratio, varied significantly with severe malnutrition compared to groups I, 11, and 111. On the other hand, group IV with moderate malnutrition, even if different from group I of normal subjects, is not very different from group 111 with late fasting.
Stepwise discrimination (Table 4) demonstrates that the taurine decrease considered alone is sufficient in a large number of circumstances (80.7%) to compare slightly or severely malnour- ' Group I, normal control subjects; group 11, control infected patients on normal diet; group 111, children presenting acute benign diarrhea in the state of proteinocaloric fasting; group IV, moderate malnutrition; group V, severe malnutrition. ' This analysis discriminates among several amino acids to indicate the one most characteristic of proteinocaloric malnutrition for the patients of group I11 (normal control subjects presenting with acute diarrhea and in a recent state of proteinocaloric fasting) and for all of the malnourished patients of group IV (moderate malnutrition) and group V (severe malnutrition). This analysis indicates the amino acids most characteristic of severe proteinocaloric malnutrition for the children of group IV (moderate proteinocaloric malnutrition) and for patients of group V (severe malnutrition). Discrimination thresholds are expressed in micromoles per 100 ml. Signs > or < indicate a patient is to be considered as belonging to group 111 in the first case and group IV in the second case if the corresponding test is respectively greater or smaller than threshold. AA: amino acid. ished children to normal control children, even when they have been in a fasting state for a few days. Variations in the other amino acids do not actually improve the results that are shown with taurine in differentiating malnourished children from nonmalnourished ones. The best linear formula combining two amino acids is taurine + 0.05 glutamine (the coefficient 0.05 attributed to glutamine is given by the computer program). This formula permits the best classification of patients between a group of malnourished children and a group of nonmalnourished children when using two amino acids. The best three amino acids formula (step 3) introduces proline as the third amino acid. In this formula, coefficients are 1 for taurine, 0.01 for glutamine, and 0.09 for proline. Classification is not appreciably better than with taurine alone. Without considering sample fluctuations, stepwise discrimination principle implies that the increase found from one step to the next by adding new amino acids becomes less and less. We can conclude that taurine is sufficient in the aminogram to predict malnutrition with the least error. If we do not take into account taurine, and exclude it from the discrimination analysis, the next best one appears to be methionine. However, its discriminating power is obviously poorer (68.3% correctly classified subjects).
Discrimination between groups IV and V was performed to look for amino acids which determine the severity of malnutrition. It showed that the decrease of both valine and lysine was the best index (81% of correctly classified subjects). Decrease of other amino acids, although noticeable, does not improve discrimination.
On the other hand we studied the discriminating value of classic malnutrition indexes applied to our data ( Table 5 ). The best one appeared to be the sum of essential amino acids with only 67.05% of correctly classified subjects. The sum of all the amino acids and the sum of branched chain amino acids have a lower discriminating power (63.6 and 6 1 %).
Amino acid ratios seem to be poorly discriminating. The most reliable in our study was the alanine to threonine ratio (63.6%).
DISCUSSION
GROUPS OF PATIENTS
The statistical study of the nutritional data (Table 1) illustrates differences between the clinical groups relative to the children's nutritional state. There is no statistical difference in the sodium levels among the five groups. This suggests that patient hydration is correct in each group. Relative weight and size are significantly less among groups IV and V by comparison with groups I, 11, and 111. There is no significant difference between these two groups of malnourished children although the severity of their denutrition state is different as shown by biologic tests. No significant difference can be observed between groups I and I1 of normal subjects. Group I11 with acute diarrhea and recent fasting is in most cases not different from groups I and 11, except when considering the total protein level, which is significantly less. Serum albumin level and red cell count of group IV comprised of moderately malnourished children are lower than those of groups I, 11, and 111. The total protein level of group IV is lower than in groups I and I1 but is not significantly different from group 111. Group IV is not different from normal subjects when considering hemoglobin, hematocrit, and potassium. The biologic data are significantly different among severely malnourished children of group V. Each test is significantly lower, with the exception of the sodium levels. The fact that group V is the only group where hematocrit, hemoglobin, and potassium are decreased should be emphasized. The serum albumin level (2.48 f 0.16 g/100 ml) suggests the importance of malnutrition also.
The group of children in a proteinocaloric fasting state (group 111) has to be discussed. For obvious moral reasons, we were obliged to take patients who, because of their disease (nonsevere acute diarrhea), had no or insufficient oral feeding in order to get nonmalnourished normal patients in a fasting state. Other than fasting, two factors can disturb plasma amino acids levels among these children: diarrhea by itself and hydroelectrolytic perfusion. If, during diarrhea, there is an increase of amino acid spoilage by feces, it becomes substantial in severe and refractory diarrhea (9) . Group 111 patients never suffered from severe diarrhea. However, Isoun et al. (16) showed that among animals suffering for 4-6 days with infectious diarrhea, an enteral virus infection was able to decrease essential amino acid levels and increase glycine, alanine, and serine levels. They emphasize that the essential amino acid decrease is particularly important when a hypoprotidic diet is given to the animal. Feigin et al. (8) report plasma amino acid decrease among patients suffering from typhoid. They believe that both infection and enteral spoilage are responsible for the disturbances. Thus, group 111 patients cannot be considered only as normal ~atients in a fastina state for 48 hr. Nevertheless, they comprise in our study a comparative group insofar as these normil children in a good nutritional state suffer from important disorders: acute diarrhea and insufficient feeding often present during malnutrition. The influence of glucosis perfusion on plasma aminogram among all group 111 patients has also to be discussed. The influence of a glucosis perfusion upon free amino acids is known from experimental works. Eskeland et al. (7) and De Barnola et al. ( 9 , using animals, show that an intravenous glucosis isoenergetic perfusion results in a decrease of valine, isoleucine, leucine, phenylalanine, and, to a smaller extent, lysine and methionine, and in an increase of alanine. Grimble et al. (13) in studies with children and Swenseid et al. (27) with adults report that oral glucosis administration results in the decrease of most plasma free amino acids. It is important to note that in these two last works a heavy glucosis absorption was referred to, which involved an insulin secretion responsible for the amino acid disturbances. However, Marliss and Aoki (19) proved that glucosis administered iv at a very'low constant rate (120 g/24 hr) to obese adult patients in a fasting state for 5 weeks is sufficient to induce insulin increase and consequently a significant decrease of threonine, valine, isoleucine, leucine, phenylalanine, lysine, serine, proline, glycine, alanine, a-amino-butyric acid, tyrosine, ornithine, and histidine. In our study, the metabolic state is quite different. Group I11 patients did not receive a large amount of glucosis (glucosis constant rate less than 0.25 g/kg/day) and they were not in a prolonged fasting state (less than 3 days). Furthermore, we have verified that among the 58 malnourished children there is no significant difference in plasma aminograms between patients with glucosis perfusion and patients without glucosis perfusion.
Patients of groups IV and V were in a proteinocaloric malnutrition state different from malnutrition as defined in numerous papers (1, 3, 11, 15-17, 22, 23, 30, 32) . In most cases, indeed, malnourished patients belong to populations of developing countries where the nutritional factor is prevalent. In most of our observations, malnutrition is consecutive to enteropathy (35/58) . But all these patients suffer of a malnutrition known as marasmus.
are not corroborated by Kosemblum (20) . For this study we have calculated correlation coefficients between storage duration and glutamic acid levels and between storage duration and glutamine levels. We found no significant relation between these amino acids levels and storage duration in any of the five groups. They defined specific variations in plasma amino acids relative to such metabolic situations. The conclusions of these studies are not always in agreement. Disparity of results may be due to diversity in analysis methods and to method of selection of malnourished patients. Singh et al. (23) and Vis (32) believe that a plasma aminogram model specific for kwashiorkor may be individualized, whereas aminogram would be normal in marasmus. This is not corroborated by every author. Anasuya and Rao (1) and Saunders et al. (22) report in marasmus plasma amino acid disturbances similar to those of kwashiorkor. In experimental works, Grimble and Whitehead (12), Kumar et al. (17) , and Salem ef al. (21) find the same disturbances in relation to global proteinocaloric malnutrition. Nutritional circumstances leading our patients to global malnutrition explain amino acid decreases in our study. However, they raise the problem of the normality of aminogram in marasmus.
RESULTS
Plasma
These biologic disturbances have to be interpreted in relation to feeding. Plasma aminogram indeed is related to proteic and caloric absorption during the 2 or 3 days preceding blood sampling; Snyderman et al. (24, 25) (28) , and Grimble and Whitehead (11) demonstrated that some of the variations in plasma amino acid in the case of early proteinocaloric malnutrition were due to the lack of protein in feeding rather than to the metabolic disorders specific for these states. Our results draw the same conclusion. If severe malnutrition can be distinguished clearly in every nutritional situation, there are only slight differences between group 111 patients with enteric infection and late fasting and group IV patients with moderate malnutrition.
The influence of infection is less. Group 11, comprised of patients with extraenteral infection who were in a good nutritional state, is not very different from group I, comprised of normal subjects. Only a slight but nevertheless significant decrease of threonine, tryptophan, tyrosine, and arginine can be noted. However, most amino acid levels decrease greatly in malnutrition states.
Clinically evident enteropathy in our cases of proteinocaloric malnutrition, is not reflected in the aminogram. Comparisons is performed in group IV with moderate malnutrition and in group V with severe malnutrition do not exhibit any significant difference between children with chronic diarrhea and children without diarrhea.
In view of our results, the value of malnutrition indexes currently proposed in the literature (Table 5 ) requires closer scrutiny. The sum of all plasma free amino acids, sum of essential amino acids, sum of nonessential amino acids, and sum of branched chain amino acids do not allow differentiation of a simple fasting state from moderate malnutrition. Yet they decrease in a very significant way with severe malnutrition. The same can be said of the amino acid ratios, except for the Whitehead and methionine to cysteine ratios which are not disturbed by malnutrition, even if severe, compared to a simple fasting state. It should be noted that,
METHODOLOGY
as ~e n n e m k h e r et al. (3j) observeh, we found an increase in the phenylalanine to tyrosine ratio among group I1 and group 111 We need not discuss daily amino acids fluctuations since sam-children. In our study this increase is significant with group I11 pling was always performed between 8 and 10 AM. However, only. Consequently, this ratio can not be considered as a satisfacsome of our samples were stored in a freezer for a variable period tory index of malnutrition. longer than 1 month. Dickinson et al. (6) and Armstrong and Save Discrimination helps us in interpreting the aminogram. It shows (2) reported that storage at -15O for more than 3 days results in that the whole aminogram is far from necessary in differentiating glutamine decrease and glutamic acid increase. These conclusions malnutrition from fasting or to distinguish in malnourished sub-jects the severity levels we have established. It appears that: 1) if the taurine rate is less than 4.9 pmo1/100 ml, malnutrition is probable; 2) if the formula valine + 0.68 lysine is less than 15.6 pmo1/100 ml malnutrition is very likely severe.
Since the methionine discriminating power comes just after that of taurine, we can wonder why methionine is not taken into account in this rule. This result of discrimination analysis is very probably due to the fact that information brought by methionine in discriminating malnutrition from fasting is already involved in the information brought by taurine.
On the other hand, it should be noted that amino acids which lead to the best discrimination between normal and malnourished subjects (branched chain amino acids) can not actually be used insofar as these amino acids decrease during fasting.
We would like to emphasize that the classic indexes of malnutrition discriminate very poorly between malnutrition and fasting states. Since fasting often exists in malnourished populations, these classic indexes are thus unlikely to be the best biologic means of recognizing a moderate malnutrition state. In the event of severe malnutrition any amino acid decrease is sufficiently discriminatory for diagnosis.
